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Millet has attracted a great deal of interest due to its valuable agricultural, nutritional, and functional properties. In 
this study the aim was the investigation of millet usability in dry pasta products. Chemical, enzymological, and 
sensory parameters were measured and monitored in Triticum aestivum, Triticum durum, and millet containing pasta 
products during a 12-month-long storage period. According to our results, during the storage, millet had a strong 
effect on different parameters: because of increased acid value, the shelf life was reduced, and millet signifi cantly 
infl uenced the pH value and the water soluble polyphenol content. The highest scores were measured in T. durum 
and T. durum–millet pasta samples in the sensory test, while the T. aestivum–millet mixture pasta got the lowest 
scores. Also in our experiment we tested how the drying temperature modifi es polyphenol oxidase enzyme (PPO) 
activity right after drying and during storage. The samples containing millet fl our had higher PPO activity in all cases 
after drying, while pasta made with T. durum had the lowest PPO activity. Our results showed that drying temperature 
has a signifi cant impact on PPO activity.
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Millet (Panicum miliaceum L.) increasingly receives place in food processing nowadays, 
thanks to the promotion of nutrition’s reform. Millet’s short growing season and its versatile 
utility raise its value. Millet has a cholesterol lowering effect (HEDGE et al., 2005), which is 
proved by the results of several animal experiments. Millet has many benefi ts in diabetes 
therapy (RAJASEKARAN et al., 2004), as well as it plays an important role in health protection 
(TAYLOR et al., 2014). Millet contains very much silica, also contains fl uorine, iron, 
magnesium, calcium, zinc, potassium and manganese (TAYLOR et al., 2014). It has got high 
carotenoid content, so the use of millet contributes to the excellent yellow colour of pasta 
(CHOI et al., 2007). In addition it contains a high amount of vitamins (especially in B-group 
vitamins), and it reduces the GI (glycemic index) of the fi nal products (CUBADDA et al., 2009; 
SHAHIDI & CHANDRASEKARA, 2013). Millet is gluten-free (TAYLOR et al., 2014), so people 
suffering from coeliac disease can eat it, but clean millet, without any other cereal 
contamination, can only be produced with diffi culty in our country. CHANDRASEKARA and 
SHAHIDI (2010) reported a wide range of phenolic compound concentrations and antioxidant 
capacities of millet. Phenolic compounds in millets are found in the soluble and insoluble-
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bound forms (SHAHIDI & CHANDRASEKARA, 2013). Free phenolic acids are found in the outer 
layers of the kernel (pericarp, testa, and aleurone), whereas the bound phenolic acids are 
associated with cell walls (HAHN et al., 1984; HEIM et al., 2002; DYKES & ROONEY, 2006). 
The pasta technology used in case of millet – which has very high nutritive value – is 
negligible in our country. Nevertheless several endemic diseases (diabetes, obesity, cancer, 
disorders of cardiovascular system) could be prevented with the continuous consumption of 
millet (CHANDRASEKARA & SHAHIDI, 2011; KIM et al., 2011). 
The main purpose of our work was to test and document the main quality parameters of 
pasta produced with and without millet (pH, acid value, PPO activity, water-soluble 
polyphenol content) right after manufacturing and before expiration date.
1. Materials and methods
All kinds of fl our (Triticum durum, Td; Triticum aestivum, Ta; Panicum miliaceum, Pm) used 
for processing pasta were purchased from the Hungarian market. Dry pastas were made of 
different fl ours and water. The codes of dry pastas and their fl our compositions are shown in 
Table 1.
Table 1. Dry pasta sample codes
Flour composition of pastas Dry pasta sample codes
100% T. durum Td
100% T. aestivum Ta
70% T. durum - 30% P. miliaceum 70Td 30Pm
60% T. durum - 40% P. miliaceum 60Td 40Pm
50% T. durum - 50% P. miliaceum 50Td 50Pm
70% T. aestivum - 30% P. miliaceum 70Ta 30Pm
60% T. aestivum - 40% P. miliaceum 60Ta 40Pm
50% T. aestivum - 50% P. miliaceum 50Ta 50Pm
Td: T. durum, Ta: T. aestivum, Pm: P. miliaceum
The pastas with different fl our composition were made without any eggs. We could not 
produce pasta made of 100% P. miliaceum fl our, because it is gluten-free and we did not want 
to add any food additives to dry pasta. Each pasta sample was manufactured in spindle shape. 
These pasta products were made by small-scale technology (extruder MAC 60-60 VR pasta 
machine, Italpast) and dried (maximum drying temperature 70 ºC). The length of storage 
process took 12 months, and the samples were taken on the fi rst day of each month. Storage 
was carried out at 20–25 ºC temperature and 75–85% relative humidity. 
The moisture content was determined according to Hungarian standard MSZ (1985b) in 
a drying oven. The oven was thermostatically controlled by a heating chamber capable of 
maintaining a temperature of 110±5 ºC. 
The MSZ standard (1987) was used to determine the pH and acid values of the samples.
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Before extraction the samples were homogenized by a hammer mill grinder (KT 100) 
and the extracts were obtained (0.10 g ml–1 in water after centrifugation for 10 min at 4 ºC at 
10 000 r.p.m.). Chemicals were purchased from Sigma-Aldrich Co. and REANAL 
Finechemical Co.
Water soluble polyphenol content was measured by colorimetric method with Folin & 
Ciocalteu’s phenol reagent (SINGLETON & ROSSI, 1965) and the results were expressed in 
Gallic Acid Equivalent (GAE) value (mmol gallic acid per g dry weight of pasta).
The PPO activity was measured by using a synthetic substrate, pyrocatechol. The 
oxidized form of the substrate can be determined at 420 nm by spectrophotometer (WATSON 
& FLURKEY, 1986).
All analyses were performed at least in fi ve replicates. Standard deviation was within 
±5%. Sensory properties of cooked pasta were evaluated by naive panellists (38 persons) 
using a 5-point category scale MSZ standard (1985a). External appearance (especially the 
colour of cooked pasta), taste, smell, and consistency of pasta samples were assessed.
2. Results and discussion
2.1. Storage experiences
pH values are shown in Figure 1A, 1B. Right after manufacturing, the pH value of pasta 
made of T. durum fl our was 6.35 and that of T. aestivum fl our was 6.28. By adding millet fl our 
to the pasta, the pH values increased slightly – as tendencies – in both cases. During storage 
we observed that the pH values gradually decreased in all samples. At the end of storage, only 
in case of pastas made of T. aestivum and P. miliaceum fl our mixture had the samples with 
millet fl our higher pH values than the samples without millet fl our.
 A
Fig. 1A. pH value of pastas made of T. durum and P. miliaceum fl our mixture.
: Td; : 70 Td 30 Pm; : 60 Td 40 Pm; : 50 Td 50 Pm
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 B
Fig. 1B. pH value of pastas made of T. aestivum and P. miliaceum fl our mixture.
: Ta; : 70 Ta 30 Pm; : 60 Ta 40 Pm; : 50 Ta 50 Pm
The acid values can be seen in Figure 1C, 1D. Acid values of the pasta produced of 
T. durum and T. aestivum fl our were the same (3.3) at the beginning of the storage period. The 
millet caused notable increase in the acid value. The more millet fl our was added to the pasta 
dough the higher acid values were measured. The pasta samples containing 50% T. aestivum 
and 50% millet fl our had the highest acid value (4.9). Pastas with 5.0 or higher acid value 
would be rejected in the market because of not acceptable sensory properties. Based on these 
results, especially because of the increased acid value, it is necessary to reduce the shelf life 
of the samples containing millet compared with pastas which are made from traditional fl ours 
only.
 C
Fig. 1C. Acid value of pastas made of T. durum and P. miliaceum fl our mixture.
: Td; : 70 Td 30 Pm; : 60 Td 40 Pm; : 50 Td 50 Pm
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 D
Fig. 1D. Acid value of pastas made of T. aestivum and P. miliaceum fl our mixture.
: Ta; : 70 Ta 30 Pm; : 60 Ta 40 Pm; : 50 Ta 50 Pm
Figure 2A, 2B shows the water soluble polyphenol contents of pasta samples. 
Immediately after manufacturing, polyphenol content of pasta made of T. durum fl our was 
three times higher than in pasta made of T. aestivum fl our. In both samples the polyphenol 
content decreased signifi cantly by the end of storage period. Usage of millet caused signifi cant 
change in polyphenol content in dry pasta samples. The pasta samples containing 70% 
T. durum and 30% millet fl our preserved the highest rate of polyphenol components during 
the 12-month storage (0.132 mmol gallic acid per g dry weight of pasta, GAE g–1 value).
A gradual reduction of the soluble polyphenol content was observed during storage, but 
the millet fl our contributed to the nutritional value of pastas in all cases. At the end of the 
storage period, the polyphenol content of pasta samples containing 60% T. aestivum and 40% 
millet fl our was ten times higher than that of 100% T. aestivum fl our pasta.
By adding millet fl our to the pasta dough, the amount of phenolic compounds increased 
signifi cantly in the dry pasta products.
 A
Fig. 2A. Water soluble polyphenol content of pastas made of T. durum and P. miliaceum fl our mixture.
: Td; : 70 Td 30 Pm; : 60 Td 40 Pm; : 50 Td 50 Pm
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Fig. 2B. Water soluble polyphenol content of pastas made of T. aestivum and P. miliaceum fl our mixture.
: Ta; : 70 Ta 30 Pm; : 60 Ta 40 Pm; : 50 Ta 50 Pm
2.2. Sensory assessment
All pasta products were evaluated according to the MSZ (1985). The external appearance of 
pasta samples was judged by 38 panellists at the beginning and the end of storage. The 
panellists gave maximum value (20 points) for pasta samples containing 30% millet and 70% 
T. durum fl our. The pastas with 100% T. durum fl our also got 20 points after manufacturing, 
at the end of storage their score was 18. Pastas with 50% and 60% millet fl our were classifi ed 
into quality class 2 with 15–14 points. A decrease in quality was observed in all cases in the 
12th month. None of the samples got maximum score at the end of storage. Pasta samples 
containing 50% T. aestivum and 50% millet fl our were judged as not acceptable pastas as they 
had unpleasant odour, their cooking quality decreased, and the dry pastas were fragile.
2.3. PPO activity
The properties of pastas are also determined by their PPO activity, which is infl uenced by 
their total phenol content. During our experiments we tested how the drying temperature 
modifi es PPO activity right after drying and during storage. Drying was carried out at 50, 60, 
and 70 ºC temperature. PPO activity could only be measured in four pasta samples (100% Td, 
100% Ta, 70% Td 30% Pm, and 70% Ta 30% Pm) after drying. In other samples there was 
no detectable PPO activity. Results can be seen in Fig. 3. The lowest PPO activity was 
measured in the samples made of 100% T. durum fl our. Raising the temperature from 50 ºC 
to 70 ºC, the PPO activity in the samples made of 100% T. durum fl our decreased from 125 
to 82 U per g dry pasta. The samples containing millet fl our had higher PPO activity in all 
cases after drying. Raising the temperature from 50 ºC to 60 ºC, the PPO activity in the 
samples made of 70% T. aestivum and 30% millet fl our decreased at a negligible degree. The 
drying at 70 ºC resulted in signifi cant decrease in PPO activity. PPO activity values were 
checked during the whole storage period but we could not detect any PPO activity after one- 
month storage. According to our results we can declare that the increasing drying temperature 
defi nitely decreased the PPO activity, however, by adding millet fl our to the pasta dough 
increased it signifi cantly (Fig. 3). The drying temperature did not have any effect on PPO 
activity during storage (data not shown).
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Fig. 3. PPO enzyme activity after drying.
: Td; : 70 Td 30 Pm; : 60 Td 40 Pm; : 50 Td 50 Pm
We did not fi nd any relevant literature sources to the comparison of the above-mentioned 
parameters determined by us for our pasta products. An important objective of our work was 
to fi ll this gap.
3. Conclusions
The use of millet fl our – because of its outstanding nutritional properties – became increasingly 
important in our country in the pasta processing. Beyond the improvement of the nutritional 
value, the millet fl our – which has high yellow pigment content – allows to make pleasant 
colours and appropriate quality of pasta products without using eggs. This is confi rmed by 
the results of our sensory tests.
Using different proportions of millet fl our in pasta production clearly affects the 
determining quality parameters (pH, acidity values, water-soluble polyphenol content, PPO 
activity, organoleptic characteristics) of the fresh and stored (12 months) pasta samples. 
Based on the measured characteristics, the highest quality product contained 30% millet and 
70% T. durum fl our. It was concluded that the use of millet allows making fi nished products 
with higher polyphenol content. Too high (50% or higher) proportion of millet in dough’s 
fl our mixture resulted signifi cant rise in acidity during storage, which is not a favourable 
phenomenon. 
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